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1. Einleitung  
1.1 Thyroid cancer  
Thyroid cancer is one of the most common endocrine malignancy [1]. According to the 
American Cancer society there where an estimated 56,870 new cases of thyroid cancer in the 
United States in 2017. In Europe the incidence of thyroid cancer is estimated with 52956 cases, 
with a mortality rate of 6336 patients per year [1].  
Thyroid cancer is classified as differentiated thyroid carcinoma (DTC), anaplastic thyroid 
carcinoma (ATC) and medullary thyroid carcinoma (MTC). DTC includes papillary (80%), 
follicular (10% - 15%) and Hurthle cell carcinomas [2].  
DTCs are the most common pathological entities of thyroid carcinomas. A curative treatment 
with adequate surgical management, radioactive iodine 131-I therapy (RAI) and TSH-
suppressive therapy is possible for most patients [2]. However, for DTC patients with distant 
metastasis or refractoriness to RAI the overall survival rate drops to 10 % at 10 years [3]. Over 
the last couple of years several tyrosine kinase inhibitors have been approved by the EMA and 
FDA as a new effective therapeutic option for patients with progressive, radioiodine-resistant, 
unresectable DTC. Lenvatinib represents one of these new therapeutic options and was approved 
by the FDA (Food and Drug Administration) and EMA (European Medicines Agency) in 2015.  
Less than 5% of all thyroid cancers are represented by MTCs [4]. For patients with metastatic 
disease the 10-year survival rate is 40 to 50% [4]. The results of either single chemotherapy or 
combinations of chemotherapies have shown no clinical benefit or improvement of the 
progression-free survival (PFS) [5]. Thyrosine kinase inhibitors are a new important therapeutic 
option. For the treatment of MTC cabozantinib has been approved by the FDA in 2012 and by 
the EMA in 2014. Vandetanib has also been approved for the treatment of MTC [6].  
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1.2 Lenvatinib  
A randomised, double-blinded and multicenter phase III study recruited patients with progressive 
thyroid cancer that was refractory to 131iodine and randomly assigned 261 patients to receive 
lenvatinib (at a daily dose of 24 mg/d in 28-day cycles) and 131 patients to receive placebo. 
Compared with placebo, lenvatinib was associated with significant improvements in progression- 
free survival and the response rate for patients with 131iodine– refractory thyroid cancer [7]. 
During the 13.8 months of median duration of treatment, treatment-related adverse events (all 
grades) occurred in 97.3% in the lenvatinib group, of these 75.9% were treatment-related adverse 
events of grade 3 or higher [7].  
The phase III study reported treatment-related AEs of any grade in ≥ 10.0% of the patients 
including: hypertension (67.8%), diarrhoea (59.4%), fatigue or asthenia (59.0%), decreased 
appetite (50.2%), decreased weight (46.6%). AEs that led to treatment discontinuation were 
reported in 14.2% of patients receiving lenvatinib. Renal AEs were rare. However, renal failure, 
including acute renal failure of all grades occurred in 4.2% of patients [7]. Grade 3 (CTCAE) 
proteinuria (urinary protein ≥ 3.5 g / 24h) was found in 10.0% of the lenvatinib and none of the 
placebo patients. A proteinuria screening with dose reductions or treatment discontinuation in 
case of an overt proteinuria was part of this trial [7].  
Arterial thromboembolic events were reported in 3.0% of lenvatinib-treated patients and 1.0% in 
the placebo group. Most of the patients had predisposing factors. Only 1 myocardial infarct was 
reported during the 13.8 months of median duration of treatment in the lenvatinib phase III study 
[7]. Prior to lenvatinib sorafenib was approved for the treatment of radioiodine resistant thyroid 
cancer.  
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1.3 Cabozantinib  
A randomised, double-blind Phase III study of cabozantinib for MTC involved 330 patients with 
metastatic MTC comparing cabozantinib 140 mg/day with placebo. A statistically significant 
improvement in estimated median progression-free survival was seen in the cabozantinib group 
(11.2 months) versus placebo (4.0 months) [8]. Adverse events (AEs) of all grades that were 
reported in ≥ 10.0% of the patients in the phase III study with cabozantinib included diarrhoea 
(63.1%), palmar-plantar erythrodysesthesia (50.0%), decreased weight (47.7%), decreased 
appetite (45.8%), nausea (43.0%), fatigue (40.7%). Rare but potentially life-threatening AEs 
including haemorrhage, gastrointestinal perforations, fistula development were observed. In 
16.0% of patients AEs led to discontinuation of the study treatment. Regarding to renal toxicity 
no adverse events have been reported [8].  
1.4 Rationale  
Both phase III trials of cabozantinib and lenvatinib reported that renal adverse events occurred in 
rare cases. The phase III study of cabozantinib reported no adverse events regarding renal 
toxicity. In the lenvatinib phase III trial grade 3 (CTCAE) only proteinuria (urinary protein ≥ 3.5 
g / 24h) was found in 10.0% of the lenvatinib and 0.0% of the placebo patients. No aggravation 
of known mild chronic renal insufficiency (KDOQI stadium 2) during the treatment with 
lenvatinib were reported and no concerning comedications were identified.  
The publication „Anti VEGF-TKI treatment and new renal adverse events not reported in phase 
III trials“ deals with 2 severe adverse events of anti-VEGF tyrosine kinase inhibitor treatment 
that were not reported in the phase III trials. The case reports identify predisposing conditions 
like known mild chronic renal insufficiency with only mild proteinuria and generalised 
atherosclerosis or precipitating co-medications like zolendronate infusion as important risk 
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factors that need to be accounted for in order to prevent the severe adverse renal events 
encountered in our patients.  
Compulsory registries for adverse events not reported in phase III trials and national tumour 
boards like TUTYREF could help to mitigate severe adverse events to these rapidly evolving and 
expensive drugs. 
The manuscript „Myocardial infarction after long-term treatment with a tyrosine kinase inhibitor 
(TKI) with anti-VEGF receptor activity“ reports a patient with papillary thyroid cancer who 
suffered from a myocardial infarction during long-term treatment with lenvatinib. This case 
cautions that long-term treatment with lenvatinib can be associated with myocardial infarction 
also in patients who were asymptomatic and had no predisposing diseases except well controlled 
hypertension and a positive family history for cardiovascular diseases.  
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1.5 Patients 
1.5.1 Renal adverse events  
Patient 1 - cabozantinib  
A 23 year old patient with metastatic medullary thyroid cancer was treated with 4.4 GBq Y-90- 
DOTATATE 10 months after surgery because of progressive MTC. Five months following 
treatment with 4.4 GBq Y-90-DOTATATE, the patient was enrolled in the phase III study 
comparing cabozantinib to placebo. He received blinded treatment for 3 weeks. His creatinine 
was normal (62 µmol/l 30 days before the treatment, 66 µmol/l first day of the treatment). Also 
he showed a normal estimated glomerular filtration (eGFR) rate after CDK-EPI > 90ml/min/1.73 
m2 (KDOQI stadium 1) on the 1st day of the study treatment. Due to bone metastases the patient 
received two times 4 mg zoledronate. Shortly after a 3rd zoledronate infusion the patient 
developed vomiting which did not occur with prior zoledronate infusions before the initiation of 
the study treatment with cabozantinib. 16 days after his enrolment in the study and 11 days 
following the 3rd zoledronate treatment, a creatinine of 150.4 µmol/l and a hypoproteinemia was 
detected. His eGFR after CDK-EPI was 45-59 ml/min/1.73 m2 (KDOQI stadium 3a). 
Subsequently, the patient developed hyperkalemia (6.3 mmol/l), LDH of 525 U/l, anemia, 
thrombocytopenia (76 / nl) and nephrotic range proteinuria of up to 25415 mg / 24h urine 
collection. Renal biopsy on day 30 revealed severe diffuse glomerular thrombotic 
microangiopathy of the VEGF-inhibitor associated type with podocyte damage. Although 
microangiopathic hemolytic anemia with thrombocytopenia ameliorated after 3 plasmapheresis 
treatments, his renal function showed no improvement. The patient was discontinued from study 
treatment. Unfortunately, 4 months after his study enrolment, the patient received his first 
hemodialysis and died because of progressive MTC 262 days after his enrolment in the study.  
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Patient 2 - lenvatinib  
A 67 year old patient with metastatic, papillary thyroid carcinoma was treated with total 
thyroidectomy, followed by 3 radioiodine therapies with a total activity of 20 GBq. Because of 
progressive radioiodine resistant disease 6 years after total thyroidectomy the patient was 
enrolled in the double-blinded phase III study with lenvatinib versus placebo. Of note, the patient 
also suffered from long term arterial hypertension and coronary heart disease with myocardial 
infarction 8 years before study inclusion. He presented a KDOQI stadium 2 prior to the study 
introduction with an eGFR (CDK-EPI) of 60 - 89 ml/min/1.73 m2. There was spurious 
proteinuria assessed by an urine dip stix at study entry. Nevertheless, he fulfilled the study 
inclusion criteria and the criteria for the treatment with lenvatinib. During the study instable 
angina led to coronarography with stenting. During this and further coronarographies he received 
140 ml of imeron 36 days after study entry and 46 ml of ultravist 370 on days 157 and 234 after 
study entry. Subsequently, the patient’s creatinine rose to 143 µmol/l. Renal ultrasonography 
determined kidney lengths of 9.8 and 9.7 cm most likely due to chronic (formerly inadequately 
controlled) longterm arterial hypertension. His creatinine rose further to 218 µmol/l and 
presented a KDOQI stadium 4 with an eGFR (CDK-EPI) of 15 - 29 ml/min/1.73 m2 on day 281 
after study entry. Therefore, lenvatinib was discontinued 279 days after study initiation. Serum 
creatinine declined to 142 µmol/l. After further applications of 85 ml and 110 ml imeron for 
coronary angiography and femoral angioplasty 59 and 131 days after discontinuation of 
lenvatinib respectively, his last creatinine was 177 µmol/l 264 days after discontinuation of 
lenvatinib. The patient died because of a cerebral infarction 708 days after his enrolment in the 
study.  
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1.5.2 Cardiovascular adverse events  
Patientin 3 - lenvatinib  
We report a 73-year old female patient with metastatic thyroid papillary carcinoma who was 
treated with total thyroidectomy. The operation was followed by 4 radioiodine therapies over a 
period of 6 years. At 6 years she developed lung metastasis without radioiodine uptake. 1 year 
after the first diagnosis of radioiodine resistant lung metastasis the lung metastasis showed 
progression according to RECIST criteria [9]. The patient was therefore enrolled in the phase III 
study comparing lenvatinib to placebo. After the study ended the patient was unblinded. 
Lenvatinib treatment resulted in prolonged partial response with disappearance of a hepatic 
metastasis. During further treatment with lenvatinib with dose reduction from initially 24 to 10 
mg at 17 months of lenvatinib treatment a myocardial infarction occurred after 39 months of 
lenvatinib treatment resulting in implantation of 3 stents and a two chamber pacemaker. 
Treatment with lenvatinib was discontinued at the time of diagnosis of the myocardial infarction. 
Except for well controlled hypertension there were neither predisposing diseases like diabetes 
nor symptoms of cardiac ischemia on exertion. Quarterly repeated echocardiography at rest 
showed normal results during the first 2 years of lenvatinib treatment during the phase III study. 
However, the family history for cardiovascular diseases was positive for cardiac infarction 
reported for 1 brother. Another brother was treated for hypertension and the patients mother 
suffered from a cerebral infarction at the age of 60.  
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2. Publikationen 
2.1 Anti VEGF-TKI treatment and new renal adverse events not published in the phase III 
trials 
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What Is Known about This Topic? 
• Both phase III trials of cabozantinib and lenvatinib reported that renal adverse events occurred in rare 
cases. The phase III study of carbozantinib reported no adverse events (AEs) regarding renal toxicity. 
In the lenvatinib phase III trial grade 3 (CTCAE), only proteinuria (urinary protein ≥3.5 g/24 h) was 
found in 10.0% of the lenvatinib and 0.0% of the placebo patients. No aggravation of known mild 
chronic renal insufficiency (KDOQI stage 2) under the treatment with lenvatinib and no concerning 
co-medications were reported.
What Does This Case Report Add?
• We report two severe AEs of anti-VEGF tyrosine kinase inhibitor treatment which were not reported 
in the phase III trials. Our case reports identify predisposing conditions like known mild chronic renal 
insufficiency with only mild proteinuria and with generalized atherosclerosis or precipitating co-med-
ications like zolendronate infusion as important risk factors that need to be accounted for to prevent 
severe adverse renal events encountered in our patients. Compulsory registries for AEs not reported 
in phase III trials and national tumor boards like TUTYREF could help mitigate severe AEs to these 
rapidly evolving and expensive drugs.
DOI: 10.1159/000491387
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Abstract
Cabozantinib and lenvatinib have been approved for the 
treatment of progressive medullary thyroid cancer and ra-
dioiodine-resistant thyroid cancer, respectively. Both phase 
III trials of cabozantinib and lenvatinib reported that renal 
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adverse events (AEs) rarely occurred. The cabozantinib 
phase III study reported no AEs related to renal toxicity. In 
the lenvatinib phase III trial grade 3 (CTCAE), proteinuria (uri-
nary protein ≥3.5 g/24 h) was found in 10.0% of the lenva-
tinib and 0.0% of the placebo patients. We report a 23-year-
old patient with metastatic medullary thyroid cancer who 
was enrolled in the phase III trial, comparing cabozantinib to 
placebo and a 67-year-old patient with metastatic, papillary 
thyroid carcinoma who was undergoing treatment with len-
vatinib during his enrollment in the phase III trial. The first 
patient had a normal kidney function initially, but developed 
end-stage chronic kidney disease unexpectedly on cabozan-
tinib and additional zoledronate infusion. Whereas the sec-
ond patient suffered from a dramatic aggravation of his 
known mild chronic renal insufficiency (KDOQI stage 2) due 
to long standing hypertension and atherosclerosis during 
the treatment with lenvatinib. These severe AEs due to anti-
VEGF tyrosine kinase inhibitor treatment were unknown so 
far. In conclusion, these 2 cases argue for increased aware-
ness for the possibility of renal failure as a consequence of 
anti-VEFG treatment. Predisposing conditions like known 
mild chronic renal insufficiency with only mild proteinuria 
and with atherosclerosis or precipitating co-medications like 
zoledronate infusion need to be accounted for to prevent 
these severe AEs. © 2018 European Thyroid Association. 
Published by S. Karger AG, Basel
Introduction
Tyrosine kinase inhibitors (TKIs) have been ap-
proved as an important therapeutic option for the treat-
ment of progressive, metastatic medullary thyroid can-
cer (MTC) and radioiodine refractory differentiated 
thyroid cancer. For the treatment of MTC, cabozantinib 
was approved by the Food and Drug Administration in 
2012 and by the European Medicines Agency in 2014. 
Lenvatinib was accepted for the treatment of radioio-
dine refractory differentiated thyroid cancer by the Food 
and Drug Administration and European Medicines 
Agency in 2015. 
Adverse events (AEs) of all grades that were reported 
in ≥10.0% of the patients in a phase III study with cabo-
zantinib included diarrhea (63.1%), plamar-plantar 
erythrodysesthesia (50.0%), decreased weight (47.7%), 
decreased appetite (45.8%), nausea (43.0%), and fatigue 
(40.7%). Rare but potentially life-threatening AEs includ-
ing hemorrhage, gastrointestinal perforations, fistula de-
velopment were also observed. In 16.0% of patients, AEs 
led to the discontinuation of treatment. No AEs related to 
renal toxicity have been reported [1].
The lenvatinib phase III study reported treatment-re-
lated AEs of any grade in ≥10.0% of the patients includ-
ing: hypertension (67.8%), diarrhea (59.4%), fatigue or 
asthenia (59.0%), decreased appetite (50.2%), decreased 
weight (46.6%). AEs that led to treatment discontinuation 
were reported in 14.2% of patients receiving lenvatinib. 
Renal AEs were rare. However, renal failure, including 
acute renal failure of all grades, occurred in 4.2% of pa-
tients [2].
Both lenvatinib and cabozantinib are multikinase in-
hibitors with a strong VEGF signaling inhibition [3, 4]. 
Proteinuria is described as one of the most common renal 
side effects of other anti-VEGF drugs and frequently oc-
curs with hypertension [5]. 
In the lenvatinib phase III trial grade 3 (CTCAE), pro-
teinuria (urinary protein ≥3.5 g/24 h) was found in 10.0% 
of the lenvatinib and 0.0% of the placebo patients. A pro-
teinuria screening with dose reductions or treatment dis-
continuation in case of an overt proteinuria was part of 
this trial [2]. Based on clinical trials with pazopanib for 
renal cell carcinoma, Carhill et al. [6] have previously rec-
ommended that baseline renal function and urine analy-
sis in addition to periodic monitoring of renal function 
should be performed during the treatment with TKIs be-
cause of their potential to cause proteinuria. 
Here, we report one patient with initially normal kid-
ney function who unexpectedly developed chronic kid-
ney disease under cabozantinib treatment and a second 
patient who suffered from a dramatic aggravation of his 
known mild chronic renal insufficiency (KDOQI stage 2) 
under lenvatinib. This study is aimed at determining how 
this previously unknown but severe side effect of anti-
VEGF TKI treatment could be prevented in future.
First Patient
A 23-year-old patient with metastatic MTC was treated with 
4.4 GBq Y-90-DOTATE 10 months after surgery because of pro-
gressive MTC. Five months following treatment with 4.4 GBq Y-
90-DOTATE, the patient was enrolled in the phase III study com-
paring cabozantinib to placebo. He received blinded treatment for 
3 weeks. His creatinine was normal (62 μmol/L 30 days before the 
treatment, 66 μmol/L on the first day of the treatment). Also, he 
showed a normal estimated glomerular filtration rate (eGFR) of 
132.9 mL/min/1.73 m2 on the first day of the study treatment. Due 
to bone metastasis, the patient received 4 mg zoledronate twice. 
Shortly after a third zoledronate infusion, the patient developed 
vomiting which did not occur with prior zoledronate infusions 
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teen days after his enrollment in the study and 11 days follow-
ing the third zoledronate treatment, a creatinine of 150.4 μmol/L 
and a hypoproteinemia was detected. His eGFR was 52 mL/
min/1.73 m2. Subsequently, the patient developed hyperkale-
mia (6.3 mmol/L), LDH of 525 U/L, anemia, thrombocytopenia 
(76/nL) and nephrotic range proteinuria of up to 25,415 mg/24 h. 
Renal biopsy on day 30 revealed severe diffuse glomerular throm-
botic microangiopathy of the VEGF-inhibitor associated type with 
podocyte damage. Although microangiopathic hemolytic anemia 
with thrombocytopenia ameliorated after 3 plasmapheresis treat-
ments, his renal function showed no improvement. The patient 
was discontinued from study treatment. Unfortunately, 4 months 
after initiating study treatment, the patient received his first hemo-
dialysis and died of progressive MTC 262 days after his enrollment 
in the study.
Second Patient
A 67-year-old patient with metastatic, papillary thyroid carci-
noma was treated with total thyroidectomy, followed by 3 radioio-
dine therapies with a total activity of 20 GBq. Because of progres-
sive radioiodine resistant disease 6 years after total thyroidectomy, 
the patient was enrolled in the double-blinded phase III study with 
lenvatinib versus placebo. Of note, the patient also suffered from 
long-term arterial hypertension and coronary heart disease with 
myocardial infarction 8 years before study inclusion. He presented 
a KDOQI stage 2 prior to the study introduction with an eGFR of 
71.09 mL/min/1.73 m2. There was spurious proteinuria assessed 
by a urine dip stix at study entry. Nevertheless, he fulfilled the 
study inclusion criteria and the criteria for the treatment with len-
vatinib. During the study, instable angina led to coronarography 
with stenting. During this and further coronarographies, he re-
ceived 140 mL of imeron 36 days after study entry and 46 mL of 
ultravist 370 on days 157 and 234 after study entry. Subsequently, 
the patient’s creatinine rose to 143 µmol/L. Renal ultrasonography 
determined kidney lengths of 9.8 and 9.7 cm most likely due to 
chronic (formerly inadequately controlled) long-term arterial hy-
pertension. His creatinine rose further to 218 µmol/L and his eGFR 
was 26.04 mL/min/1.73 m2 on day 281 after study entry. Therefore, 
lenvatinib was discontinued 279 days after study initiation. Serum 
creatinine declined to 142 µmol/L. After further applications of 
85 and 110 mL imeron for coronary angiography and femoral an-
gioplasty 59 and 131 days after discontinuation of lenvatinib, re-
spectively, his last creatinine was 177 µmol/L 264 days after discon-
tinuation of lenvatinib. The patient died because of a cerebral in-
farction 708 days after his enrollment in the study.
Discussion
A review of proteinuria-related anti VEGF side effects 
concluded that the most common renal side effects of an-
ti-VEGF drugs is proteinuria (range 21 up to 63%), which 
frequently occurs with hypertension [7]. Proteinuria has 
been described for several anti-VEGF agents [5, 7] and 
has also occurred during treatment with the recently ap-
proved TKI lenvatinib. Therefore, a drug class effect is 
highly likely.
To account for the known risk of renal AEs, protein-
uria screening has been recommended for anti-VEGF 
drugs [6] and was part of the lenvatinib phase III trial [2]. 
Our first patient had a normal renal function at study en-
try (KDOQI: stage 1, eGFR 132.9 mL/min/1.73 m2). Our 
second patient already presented with KDOQI stage 2 
(eGFR of 71.09 mL/min/1.73 m2). However, both devel-
oped chronic renal failure requiring dialysis and/or dis-
continuation of study treatment. Therefore, lack of sensi-
tivity of dip stick proteinuria assessment and serum cre-
atinine determination without the determination of the 
eGFR and protein differentiating analyses and other fac-
tors coprecipitating the renal damage in our 2 patients 
need to be considered before starting anti VEGF-TKI 
treatment. Patients with chronic kidney failure and 
planned TKI treatment are apparently at risk for further 
aggravation of renal failure.
Our first 23-year-old patient received 4 mg of zoledro-
nate 5 days after his enrollment in the phase III study be-
cause of bone metastasis. The incidence of proteinuria in 
patients receiving concurrent bevacizumab and pamidro-
nate was 33.9%, compared with 18.5% in patients without 
pamidronate in a phase III trial [8]. Moreover, zoledro-
nate has been associated with both dose-dependent and 
infusion time-dependent acute and chronic renal failures 
[9]. To reduce the risk of renal damage, 100 mL of 4 mg 
zoledronate should be infused over no less than 15 min 
[10]. After the third infusion of 4 mg zoledronate, our 
first patient experienced vomiting, which did not occur 
with prior zoledronate infusions. 
Bodmer et al. [9] reported a case of zoledronate-asso-
ciated renal failure with focal segmental glomerulosclero-
sis in a myeloma patient. Focal segmental glomeruloscle-
rosis has also been described during the treatment with 
pamidronate [11]. Other renal impairments attributable 
to zoledronate are zoledronate-associated toxic tubular 
necrosis, with the predominant pathological findings of 
tubular degenerative changes [10]. However, in our first 
patient the renal biopsy revealed severe diffuse glomeru-
lar thrombotic microangiopathy with podocyte damage. 
This histologic finding is not indicative of renal damage 
induced by zoledronate. However, severe diffuse glomer-
ular thrombotic microangiopathy with podocyte damage 
has been described in 6 patients treated with bevacizum-
ab [12] and is the pathognomonic histologic correlate in 
VEGF knock-out mice [12]. Therefore, this patient’s re-
nal damage is highly likely to be the consequence of the 
treat with an anti-VEGF agent. However, the only renal 
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AE in the cabozantinib phase III trial was proteinuria 
grade ≥3 in 0.9% and all grades in 1.9%. The only identi-
fiable precipitating cofactor in this young patient without 
any preexisting renal impairment is vomiting after zole-
dronate infusion immediately prior to the onset of renal 
damage. This did not occur after the previous 2 zoledro-
nate infusions. Therefore, this most likely indicates too 
fast infusion of zoledronate with possible blood pressure 
drop precipitating the anti-VEGF damage.
Our second patient already displayed initial signs of 
renal damage (KDOQI: stage 2, eGFR 71.09 mL/min/1.73 
m2) prior to anti-VEGF treatment with lenvatinib. He also 
had generalized atherosclerosis suggested by a myocardial 
infarction 8 years before study inclusion and femoral an-
gioplasty and ischemic cerebral infarction. Formerly, in-
adequately controlled long-term arterial hypertension 
most likely was the major contributing factor for all of 
these pathologies. These findings strongly suggest an in-
creased susceptibility for anti-VEGF adverse vascular 
events due to generalized atherosclerosis and chronic kid-
ney disease which in this patient manifested as an drastic 
aggravation of his mild renal failure due to a chronic kid-
ney disease of KDOQI of stage 4 (eGFR 26.78 mL/min/1.73 
m2). For this patient, the repeated angiographies must also 
be considered as a possible confounder or cofactor for the 
renal damage. However, diagnosis of contrast-induced 
nephropathy requires an absolute increase in serum cre-
atinine by ≥26.5 µmol/L from baseline within 48 h after 
contrast media application, or a relative increase in serum 
creatinine levels by ≥50% from baseline, or a urine output 
reduced to ≤0.5 mL/kg/h for at least 6 h [13]. Thus, in our 
patients’ case, the steady rise of serum creatinine 6 weeks 
after the last application of iodine-containing contrast 
media during treatment with lenvatinib is a strong indica-
tion of renal damage induced by a TKI (lenvatinib) with 
anti-VEGF receptor activity. However, it cannot be ex-
cluded that the concomitant application of imeron and 
ultravist together with lenvatinib could have led to an ad-
ditive or cumulative nephrotoxic effect.
In conclusion, these 2 cases argue for increased aware-
ness of the possibility that renal failure, as a consequence 
of anti-VEFG treatment, can occur in patients without 
proteinuria. Further predisposing or precipitating co-
medications or concomitant diseases like atherosclerosis 
need to be accounted for to prevent this AE as illustrated 
by these 2 case reports. Compulsory registries for AEs not 
reported in phase III trials and National Tumor Boards 
like TUTYREF [14] could help mitigate severe AEs to 
these rapidly evolving and expensive drugs. 
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TKIs including anti-VEGF receptor activity have been approved for the treatment of patients with radioiodine resistant thyroid
carcinomas. For lenvatinib arterial thromboembolic events are listed as adverse events of special interest with lenvatinib. In the
phase III study, arterial thromboembolic events were reported in 3% of lenvatinib-treated patients and 1% in the placebo group.
Most of the patients had predisposing factors. Only onemyocardial infarct was reported in the lenvatinib phase III study.We report a
73-year-old female patient withmetastatic thyroid papillary carcinomawhowas treatedwith total thyroidectomy.The operationwas
followed by four radioiodine therapies over a period of 6 years. At 6 years she developed lungmetastasis without radioiodine uptake,
one solitary liver metastasis and one solitary right renal metastasis. One year after the first diagnosis of radioiodine resistant lung
metastasis the lung metastasis showed progression according to RECIST criteria.This treatment was resulting in prolonged partial
response with disappearance of a hepatic and renal metastasis. A myocardial infarction occurred after 39 months of lenvatinib
treatment resulting in implantation of 3 stents and a two chamber pacemaker. The treatment was discontinued. Except for well
controlled hypertension there were neither predisposing diseases like diabetes nor symptoms of cardiac ischemia on exertion.
However, the family history for cardiovascular diseases was positive for cardiac infarction reported for one brother. Another brother
was treated for hypertension and the patient’smother suffered from a cerebral infarction at the age of 60.While only onemyocardial
infarct was reported in the lenvatinib phase III study with 392 patients this case suggests that long-term treatment with lenvatinib
may be associatedwith an increased risk for myocardial infarct also in patients with no predisposing diseases except well controlled
hypertension and positive family history for cardiovascular diseases.
1. Introduction
In 2015 lenvatinib, an inhibitor of vascular endothelial growth
factor receptors 1, 2, and 3, fibroblast growth factor receptors
1 through 4, platelet-derived growth factor receptor !, RET,
and KIT signaling networks [1, 2], has been approved by the
FDA and EMA for the treatment of radioiodine refractory
differentiated thyroid cancer.
A randomized, double-blinded phase III study involved
patients with progressive thyroid cancer that was refractory
to 131iodine and randomly assigned 261 patients to receive
lenvatinib (daily dose of 24 mg/d in 28-day cycles) and
131 patients to receive placebo. Compared with placebo,
lenvatinib was associated with significant improvements
in progression-free survival and the response rate among
patients with 131iodine-refractory thyroid cancer [3]. During
the 13.8months of median duration of treatment, treatment-
related adverse events (all grades) occurred in 97.3% in
the lenvatinib group; of these 75.9% were treatment-related
adverse events of grade 3 or higher [3]. In the SELECT trial
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3.0% of lenvatinib-treated patients presented arterial throm-
boembolic events. Most of the patients had cardiovascular
risk factors. Only one myocardial infarct was reported.
Here, we report a patient with papillary thyroid cancer
who suffered from a myocardial infarction during long-term
treatment with lenvatinib. This case cautions that long-term
treatment with lenvatinib can be associated with myocardial
infarction also in patients who were asymptomatic and had
no predisposing diseases except well controlled hypertension
and a positive family history for cardiovascular diseases.
2. Patient
We report a 73-year-old female patient with metastatic
thyroid papillary carcinoma who was treated with total thy-
roidectomy. The operation was followed by four radioiodine
therapies over a period of 6 years. At 6 years she developed
lung metastasis without radioiodine uptake, one solitary
liver metastasis and one solitary right renal metastasis. One
year after the first diagnosis of radioiodine resistant lung
metastasis the lung metastasis showed progression according
to RECIST criteria. The patient was therefore enrolled in the
phase III study comparing lenvatinib to placebo. After the
study ended the patient was unblinded. Lenvatinib treatment
resulted in prolonged partial response with disappearance of
the hepatic and renal metastasis. During further treatment
with lenvatinib with dose reduction from initially 24 to
10 mg at 17 months of lenvatinib treatment a myocardial
infarction occurred after 39 months of lenvatinib treatment
resulting in implantation of 3 stents and a two chamber
pacemaker. Treatment with lenvatinib was discontinued at
the time of diagnosis of the myocardial infarction. Except for
well controlled hypertension there were neither predisposing
diseases like diabetes nor symptoms of cardiac ischemia
on exertion. Quarterly repeated echocardiography at rest
showed normal results during the first two years of lenvatinib
treatment during the phase III study. However, the family
history for cardiovascular diseases was positive for cardiac
infarction reported for one brother. Another brother was
treated for hypertension and the patients’ mother suffered
from a cerebral infarction at the age of 60.
3. Discussion
Tyrosine kinase inhibitors with anti-VEGF receptor activity
are known for their potential to cause thromboembolic
adverse events.
Sorafenib, an inhibitor of VEGFR-1, VEGFR-2, and
VEGFR-3, RET (including RET/PTC translocations), RAF
(including BRAFV600E point mutation), and platelet-
derived growth factor receptor beta (PDGFR!) [4], was
approved for the treatment of radioiodine refractory DTC in
2014 by the EMA and FDA. Before it was also approved for
the treatment of unresectable hepatocellular carcinoma and
advanced renal-cell carcinoma.
A randomized, double-blind, placebo-controlled phase
III study involving patients with advanced clear-cell renal-
cell carcinoma reported cardiac ischemia or infarction in
12 patients in the sorafenib group (3%) and 2 patients
in the placebo group (<1%) (P=0.01). Of these events, 11
(including 2 deaths in the sorafenib group and 1 death in
the placebo group) were considered to be serious adverse
events associated with treatment [5]. A phase 3, double-
blinded, placebo-controlled study assigned 602 patients with
advanced hepatocellular carcinoma who had not received
previous systemic treatment to receive either sorafenib (at a
dose of 400 mg twice daily) or placebo. Cardiac Ischemia or
infarction appeared in 3% of the patients receiving sorafenib
compared to 1% in the placebo group [6]. The median
durations of sorafenib treatments in these studies were 10.6
months [4], 5.8months [5], and 5.3months [6].
Furthermore, soon after the introduction of bevacizum-
ab-treatment for metastatic breast cancer the clinical inci-
dence of arteriovascular events, i.e., cerebrovascular ischemia
was reported in 2% of the patients and 1.6% of the patients
suffering from heart failure and even more alarming 15%
having severe hypertension [7]. In addition, meta-analysis
showed that the addition of bevacicumab to chemotherapy
increased the risk of arterial thrombotic events when com-
pared to the chemotherapy alone [8]. Moreover a pooled
analysis of five randomized trials encompassing 1745 patients
randomly assigned to chemotherapy alone or chemotherapy
plus bevacicumab for the treatment of metastatic colorectal
cancer, breast cancer, and non-small-cell lung cancer showed
that the increase of arterial thromboembolic events (ATEs)
was further increased in elderly patients or patients with a
history of ATEs. Patients with both risk factors developed
ATEs in 17.9% [9].
A meta-analysis including 9711 patients from 19 ran-
domized controlled trials with bevacicumab [10] revealed an
overall incidence of ATEs of 1,5% whereof cardiac ischemia
(67,4%), CNS ischemia (7,9%), and cerebrovascular accident
(6,7%) were most common.The mortality of these ATEs was
8,2% [10].
Because of the thromboembolic potential of TKIs Conti
et al. proposed in 2013 a cardiovascular assessment of patients
undergoing a TKI treatment before treatment start and to
include patients at high/highest risk according to established
risk scores like the Global Registry of Acute Coronary Events
(GRACE) score in a cardiovascular monitoring program [11].
Recently, a multicenter phase 2 study of sunitinib another
antiangiogenic tyrosine kinase inhibitor in patients with
locally advanced or metastatic differentiated, anaplastic or
medullary thyroid carcinomas, revealed that during amedian
follow-up time of 9 months/25 months 14.1% of the patients
suffered from cardiac events [12]. Out of 5 deadly adverse
events 4 were cardiac events. Due to an expected increased
risk of severe adverse cardiac events the follow-up of the
study included systematic survey, a left ventricular ejec-
tion fraction (LVEF) ultrasound, and N-terminal probrain
natriuretic peptide or N-terminal brain natriuretic peptide
(probrain natriuretic peptide [BNP]/BNP) dosage. None of
these specific parameters showed the potential to select
patients more stringently [12].
Furthermore a meta-analysis on 4679 patients under
treatment with sorafenib or sunitinib or pazopanib demon-
strated an increased risk of fatal adverse events (RR 2.23)
regardless of tumor type and drug used, when compared with
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control groups. Myocardial infarction represented the cause
in 15% of all deaths attributable to VEGFR inhibitor [13].
Our case report suggests that lenvatinib should also be
added to the list of TKIs with ATE potential. So far, most
of the thromboembolic events appeared after short-term
treatment median duration of 10.8 months with tyrosine
kinase inhibitors and mostly in patients with predisposing
factors. However, our patient suffered from her first myocar-
dial infarction after long-term treatment with lenvatinib for
39 months, in absence of predisposing diseases except well
controlled hypertension and a positive family history for
cardiovascular diseases. These findings suggest that long-
term treatment with lenvatinib may be associated with
an increased risk for myocardial infarction. Therefore, as
previously proposed by Conti et al. for other TKIs also
patients with lenvatinib treatment should be assessed for
cardiovascular risk and coronary ischemia before and during
the treatment. However, as indicated by our patient not
only patients with high/very high cardiovascular risk factors
should be under closer clinical cardiovascular surveillance
as our patient’s GRACE score before study entry indicated
only a low individual risk of death by myocardial infarction.
The assessment of cardiovascular risk and coronary ischemia
should include a family history for cardiovascular diseases,
cardiac stress testing, and an initial and regular cardiac survey
to identify those at increased risk for cardiac events. It should
be performed before starting lenvatinib treatment and at
annual intervals during lenvatinib therapy. In addition, fur-
ther data on adverse events during long-term TKI treatment
with anti-VEGF receptor activity should be systematically
collected.
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3. Zusammenfassung  
3.1 Renal adverse events  
A review of proteinuria related anti VEGF side effects concluded that the most common renal 
side effects of anti-VEGF drugs is proteinuria (range 21% up to 63%) which frequently occurs 
with hypertension [10]. Proteinuria has been described for several anti-VEGF agents [10] [11] 
and has also occurred during treatment with the newly approved TKI lenvatinib. Therefore, a 
drug class effect is highly likely.  
To account for the known risk of renal adverse events proteinuria screening has been 
recommended for anti-VEGF drugs [12] and was part of the lenvatinib phase III trial [7].  Patient 
1 had a normal renal function at study entry (KDOQI: stadium 1, eGFR after CDK-EPI > 90ml/
min/1.73 m2). Patient 2 already presented with KDOQI stage 2 (eGFR (CDK-EPI) of 60 - 89 ml/
min/1.73 m2). However, both developed chronic renal failure requiring dialysis or 
discontinuation of study treatment. Therefore, lack of sensitivity of dip stic proteinuria 
assessment and serum creatinine determination without the determination of the eGFR and 
protein differentiating analyses and other factors coprecipitating the renal damage in our 2 
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patients need to be considered before starting anti VEGF-TKI treatment. Patients with chronic 
kidney failure and planned TKI-treatment are apparently at risk for further aggravation of renal 
failure.  
Patient 1 received 4 mg of zoledronate 5 days after his enrolment in the Phase III study because 
of bone metastasis. The incidence of proteinuria in patients receiving concurrent bevacicumab 
and pamidronate was 33.9%, compared with 18.5% in patients without pamidronate in a phase 
III trial [13]. Moreover, Zoledronate has been associated with both dose-dependent and infusion 
time-dependent acute and chronic renal failure [14]. In order to reduce the risk for renal damage, 
100 ml of 4 mg zolendronate should be infused over no less than 15 min [15]. After the 3rd 
infusion of 4mg zolendronate our 1st patient experienced vomiting, which did not occur with 
prior zolendronate infusions.  
Bodmer et al. reported a case of zoledronate-associated renal failure with focal segmental 
glomerulosclerosis (FSGS) in a myeloma patient [14]. FSGS has also been described during the 
treatment with pamidronate [16]. Other renal impairments attributable to zoledronate are 
zoledronate-associated toxic tubular necrosis, with the predominant pathological findings of 
tubular degenerative changes [15]. However, in our 1st patient the renal biopsy revealed severe 
diffuse glomerular thrombotic microangiopathy with podocyte damage. This histologic finding is 
not indicative of renal damage induced by zoledronate. However, severe diffuse glomerular 
thrombotic microangiopathy with podocyte damage has been described in 6 patients treated with 
bevacizumab [17] and is the pathognomonic histologic correlate in VEGF knock out mice [17]. 
Therefore this patient’s renal damage is highly likely to be the consequence of VEGF-Inhibition. 
However, the only renal adverse event in the Cabozantinib phase III trial was proteinuria grade ≥ 
3 in 0.9% and all grades in 1.9%. The only identifiable precipitating co-factor in this young 
patient without any preexisting renal impairment is his vomiting after zoledronate infusion 
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immediately prior to the onset of his renal damage. This did not occur after the previous 2 
zoledronate infusions. Therefore, this most likely indicates too fast infusion of zoledronate with 
possible blood pressure drop precipitating the anti VEGF damage.  
Patient 2 already displayed initial signs of renal damage (KDOQI: stage 2, eGFR (CDK-EPI) of 
60 - 89 ml/min/1.73 m2) prior to anti-VEGF treatment with lenvatinib. He also had generalised 
atherosclerosis suggested by a myocardial infarction 8 years before study inclusion and femoral 
angioplasty and ischemic cerebral infarction. Formerly inadequately controlled long term arterial 
hypertension most likely was the major contributing factor for all of these pathologies. These 
findings strongly suggest an increased susceptibility for anti-VEGF adverse vascular events due 
to generalised atherosclerosis and chronic kidney disease which in this patient manifested as an 
drastic aggravation of his mild renal failure to a chronic kidney disease of KDOQI of stadium 4 
(eGFR after CDK-EPI of 15 - 29 ml/min/1.73 m2). For this patient, the repeated angiographies 
must also be considered as a possible confounder or cofactor for the renal damage. However, 
contrast-induced nephropathy requires an absolute increase in serum creatinine by ≥ 26,5 µmol/l 
from baseline within 48 h after contrast media application, or a relative increase in serum 
creatinine levels by ≥ 50% from baseline, or a urine output reduced to ≤ 0.5 ml/kg/h for at least 6 
h [18]. Thus, in our patient, the steady further rise of serum creatinine 6 weeks after the last 
application of iodine containing contrast media during treatment with lenvatinib is a strong 
indication of renal damage induced by a TKI (lenvatinib) with anti-VEGF receptor activity. 
However, it cannot be excluded that the concomitant application of imeron and ultravist together 
with lenvatinib could have led to an additive or cumulative nephrotoxic effect.  
In conclusion these 2 cases argue for increased awareness for the possibility that renal failure, as 
a consequence of anti-VEFG treatment, can occur in patients without proteinuria. Further 
predisposing or precipitating co-medications or concomitant diseases like atherosclerosis need to 
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be accounted for in order to prevent this adverse event as illustrated by these 2 case reports. 
Compulsory registries for adverse events not reported in phase III trials and national tumour 
boards like TUTYREF [19] could help to mitigate severe adverse events to these rapidly 
evolving and expensive drugs.  
3.2 Cardiovascular adverse events  
Tyrosine kinase inhibitors with anti-VEGF receptor activity are known for their potential to 
cause thromboembolic adverse events. A randomised, double-blind, placebo-controlled phase III 
study involving patients with advanced clear-cell renal-cell carcinoma reported cardiac ischemia 
or infarction in 12 patients in the sorafenib group (3%) and 2 patients in the placebo group (<1%) 
(P=0.01). Of these events, 11 (including 2 deaths in the sorafenib group and 1 death in the 
placebo group) were considered to be serious adverse events associated with treatment [20]. A 
phase 3, double-blinded, placebo-controlled study assigned 602 patients with advanced 
hepatocellular carcinoma who had not received previous systemic treatment to receive either 
sorafenib (at a dose of 400 mg twice daily) or placebo. Cardiac Ischemia or infarction appeared 
in 3% of the patients receiving sorafenib compared to 1% in the placebo group [21]. The median 
duration of sorafenib treatments in these studies were 10.6 months [22], 5.8 months [20] and 5.3 
months [21].  
Because of the thromboembolic potential of TKIs Conti et al. proposed in 2013 a cardiovascular 
assessment of patients undergoing a TKI treatment before treatment start and to include patients 
at high/highest risk according to established risk scores like the Global Registry of Acute 
Coronary Events (GRACE) – score in a cardiovascular monitoring program [23].  
Recently, a multicenter phase 2 study of sunitinib another antiangiogenic tyrosine kinase 
inhibitor in patients with locally advanced or metastatic differentiated, anaplastic or medullary 
 20
thyroid carcinomas revealed that during a median follow-up time of 9 months/25 months 14.1% 
of the patients suffered from cardiac events [24]. Out of 5 deadly adverse events 4 were cardiac 
events. Due to an expected increased risk of severe adverse cardiac events the follow-up of the 
study included systematic survey, a left ventricular ejection fraction (LVEF) ultrasound and N-
terminal pro-brain natriuretic peptide or N-terminal brain natriuretic peptide (pro-brain 
natriuretic peptide [BNP]/BNP) dosage. None of these specific parameters showed the potential 
to select patients more stringently [24].  
A meta-analysis including 9711 patients from 19 randomised controlled trials with Bevacicumab 
revealed an overall incidence of ATEs of 1,5% whereof cardiac ischemia (67,4%), CNS ischemia 
(7,9%) and cerebrovascular accident (6,7%) were most common [25]. The mortality of these 
ATEs was 8,2% [25].  
The 3rd case report concerning cardiovascular adverse events suggests that lenvatinib should 
also be added to the list of TKIs with ATE potential. So far, most of the thromboembolic events 
appeared after short-term treatment median duration of 10.8 months with tyrosine kinase 
inhibitors and mostly in patients with predisposing factors. However, our patient suffered from 
her 1st myocardial infarction after long-term treatment with lenvatinib for 39 months, in absence 
of predisposing diseases except well controlled hypertension and a positive family history for 
cardiovascular diseases. These findings suggest that long-term treatment with lenvatinib may be 
associated with an increased risk for myocardial infarction. Therefore, and as previously 
proposed by Conti et al. for other TKIs also patients with lenvatinib treatment should be assessed 
for cardiovascular risk and coronary ischemia before and during the treatment. However, as 
indicated by our patient not only patients with high/very high cardiovascular risk factors should 
be under closer clinical cardiovascular surveillance as our patient’s GRACE score before study 
entry indicated only a low individual risk of death by myocardial infarction. The assessment of 
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cardiovascular risk and coronary ischemia should include a family history for cardiovascular 
diseases, cardiac stress testing and an initial and regular cardiac survey to identify those at 
increased risk for cardiac events. It should be performed before starting lenvatinib treatment and 
at annual intervals during lenvatinib therapy. In addition, further data on adverse events during 
long-term TKI treatment with anti-VEGF receptor activity should be systematically collected.  
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